Near-infrared spectra of 15 high-redshift radio galaxies (HzRGs) located between 2 < z < 2.6 were obtained by the OH-airglow Suppression spectrograph mounted on the Subaru telescope. The UV-optical line ratio diagnostic diagrams indicate that half of the observed HzRGs have the extended emission-line regions with low metal abundance, photoionized by flat-continuum AGN like a quasar. We also found two probable correlations between radio and rest-optical parameters, 1) HzRGs with massive hosts tend to have redder rest-optical continuum, and 2) HzRGs with smaller radio sizes also show redder optical continuum. On the basis of the correlations, the nature of HzRGs at 2 < z < 2.6 is discussed.
INTRODUCTION
High redshift radio galaxies (HzRGs) have been studied as progenitors of the present massive galaxies. Their rest-UV morphologies usually show a clumpy structure with a bright nucleus Pentericci et al. 1999) , aligned with the axis of the radio sources in the so-called "alignment effect". The major cause of the alignment effect is considered to be one of the following three mechanisms: 1) induced star formation by passage of the radio jet (McCarthy et al. 1987; Cham-bers, Miley, & van Breugel 1987) , 2) scattered light from a hidden AGN (di Serego Alighieri et al. 1989; Cimatti et al. 1993) , and 3) nebular continuum (Dickson et al. 1995) . These stellar, AGN, and nebula components make nearly equal contribution to the UV continuum at the nucleus region of intermediate redshift radio galaxies (Tadhunter et al. 2002) . The rest-optical imaging of HzRGs shows the morphological evolution of host galaxies: multiple components spread over ∼ 100kpc at z > 3, a single compact structure dominated at 2 < z < 3, and an elliptical profile with a de Vaucouleurs r 1/4 law formed at z ∼ 1 (van Breugel et al. 1998; Pentericci et al. 2001) . The morphologies of the extended emissionline regions (EELR) indicate the existence of a photoionization cone or shock-ionized region extended to several tens kpc (Armus et al. 1998; Motohara et al. 2000; Egami et al. 2001) . They strongly support the unification model between radio loud quasars and radio galaxies.
The characteristics of HzRGs have been investigated by rest-UV spectroscopy. The HzRG with a smaller radio size has dense H I clouds surrounding the inner Lyα emitting region with a large turbulent velocity, probably due to the environmental effect on the radio size . The total (nucleus + EELR) ionization mechanism of UV emission-lines is well explained by photoionization with a power-law index of α = −1.0 (Villar-Martin, Tadhunter, & Clark 1997), except for C II], which is enhanced by shock (De Breuck et al. 2000) , and N V, which indicates an overabundance of nitrogen (Villar-Martín et al. 1999; Villar-Martín et al. 2001; Vernet et al. 2001) . Concerning the physical conditions of the EELR, the existence of metallicity gradient ) and the contribution of shock in the outer halo (Taniguchi et al. 2001) were reported, but the general mechanisms are still unknown. The contribution of the scattered AGN light to the UV continuum varies from object to object, between ∼ 15% and ∼ 85%, estimated by spectropolarimetry (Vernet et al. 2001) .
On the other hand, rest-optical spectra of HzRGs show strong [O III] emission-lines whose intensity has a correlation with the radio luminosity (Eales & Rawlings 1993 Iwamuro et al. 1996; Evans 1998) . Reddened quasar light (or broad Hα) has also been detected from a few HzRGs (Larkin et al. 2000; Fosbury 2000) . The emission-line ratios of individual knots around the nucleus indicate that shock or starburst is the major ionization mechanism of these off-nuclear knots (Carson et al. 2001) . Although the rest-optical spectra of HzRGs became observable within a reasonable exposure time by the newly-built infrared instruments on the large telescopes, the published data is not sufficient to make statistical studies.
In this paper, we present the rest-optical spectra of 15 HzRGs at 2 < z < 2.6 obtained by the OH-airglow Suppression spectrograph (OHS: Iwamuro et al. 2001) In §2 we describe observations and the reduction procedure of the 15 HzRGs. In §3 after we summarize the observed emission-line properties, we examine the major ionization mechanisms using UV-optical line ratio diagnostic diagrams. In §4 we discuss the nature of HzRGs on the basis of the probable correlations between several observed parameters, and we present our conclusions in §5.
Throughout the paper we adopt a cosmology with H 0 = 65 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
OBSERVATIONS AND DATA RE-DUCTION
A total of 15 well-known HzRGs with redshifts at 2 < z < 2.6 were observed during five test-observation runs of OHS mounted on the Subaru telescope in May, July, September, and December of 2000 and August 2001. For many targets, the rest-UV (and a part of the rest-optical) spectra, HST, and VLA images are available from the past literature. The rest-optical spectroscopy was carried out with the slit along the radio axis. The typical exposure sequence is 1000 sec × 4 positions, in which the object is moved about 10 ′′ along the slit by nodding the telescope after every exposure. The limiting magnitude is H=21.1 (S/N=5, 4000sec) at best with this sequence. A nearby SAO star with a spectral type of A or F was observed just after this exposure sequence and used as a spectroscopic standard to remove telluric atmosphere absorption features and to correct the instrumental response. The J (1.108-1.353 µm) and H-band (1.477-1.804 µm) spectra are simultaneously obtained with a spectral resolution of ∼210. A slit width of 1 ′′ corresponds to nine pixels on a pixel scale of 0. ′′ 111 in the case of the optical secondary mirror of the telescope, which was generally used during these observations. Since the typical seeing size of 0. ′′ 7 is smaller than the slit width, we must take the morphology of the object within the slit into account when we consider the velocity structure of the emission-lines. The observation log is summarized in Table 1 .
All data reduction was performed using IRAF as follows: 1) sky subtraction for a pair of spectroscopic images taken at different positions, 2) flat fielding using a standard H-band flat image (for correction of the local variations in the quantum efficiency), 3) correction of unexpected hot pixels and cosmic-ray events, 4) straightening of residual-airglow emission-lines along column pixels, 5) residual-airglow subtraction by fitting to each column excluding object positions (plus and minus images), 6) shift-and-add of all images, 7) correction of atmospheric absorption features and instrumental responses using the spectrum of the SAO star taken just after the object (where correction has already been applied to the hydrogenous absorption features and the intrinsic slope in the SAO spectrum), 8) straightening of the object spectrum along line pixels, and 9) extraction of the object spectrum using a onedimensional Gaussian mask with an FWHM of 3 ′′ , except TXS 0211−122, B3 0731+438, 4C +10.48, 4C +10.48 (FWHM of 4 ′′ ), and 4C +23.56 (FWHM of 2 ′′ ). The resultant one-dimensional spectrum was calibrated using the photometric results of the H-band slitless imaging frame taken just before the spectroscopic observation. As a result, the average flux of the H-band spectrum corresponds to the H-band magnitude within an aperture diameter of 2. ′′ 2 (20 pixels).
RESULTS

Line Fluxes and Continuum Levels
The final flux-calibrated spectra are presented in Figure 1 . The right panels of this figure show the continuum profiles with 30-pixel smoothing, after fitting and subtraction of the emission-lines with Gaussian functions. In this fitting procedure, each emission-line is restored, fitted again, and subtracted individually to improve the estimation of the local continuum level (which is often affected by the residuals of neighbor emission-lines). In order to achieve higher fitting accuracy, we assume a constant line ratio as well as the same FWHM and redshift for the following neon doublets: 3.32 for [Ne III]λ3869/λ3967, and 2.74 for [Ne V]λ3426/λ3346, which are calculated by Cloudy94 (Ferland 2000) . Since both doublets are emitted by the transition from the 1 D 2 to 3 P 2,1 level, these ratios are expected to be invariable. For faint emission-lines, we assume that the redshift is the same as that for the [O III]λ5007 and that the FWHM is the instrumental value of ∼75Å. The emission-line properties and the continuum levels are listed in Table 2 .
Emission Line Ratios
UV-optical diagnostic diagrams
The UV line flux of C IVλ1549, He IIλ1640, and C III]λ1909 are available for 13 out of 15 HzRGs from the past literature (Table 3) . We combine these data with the optical line flux in Table 2 to examine the major ionization mechanisms of HzRGs. Figure 2 shows the UV-optical line ratio diagnostic diagrams. We calculated four-by-four-by-four photoionization sequences by CLOUDY94 (Ferland 2000) with power-law spectral indices α = 0.0, −0.5, −1.0, −1.5, metal abundance Z = 0.1, 0.3, 1.0, 3.0 Z ⊙ , and hydrogen density N H = 10, 100, 1000, 10 4 cm −3 , and the case of N H = 1000cm −3 is plotted in Figure 2. Since the contribution of the hydrogen density to the emission-line ratio is smaller than that of the other parameters, we can estimate the rough trend of α and Z only from this case. The grid of the shock(+precursor) models (Dopita & Sutherland 1995; Allen et al. 1999; De Breuck et al. 2000) are also plotted in Figure 2 . The majority of our samples seem to agree with the photoionization models, however, we can not rule out the shock+precursor models for several objects only by this figure. The dust extinction, which may have a significant effect on the scatter of the data in the top-left diagram of Figure 2 , is expected to be small, because 1) the size of EELRs are very large (10-30kpc), and 2) the color of the rest-UV continuum Vernet et al. 2001 ) is blue.
Best fit parameters
To determine the best fit parameters for each object, we considered a 9-dimensional line ratio diagnostic diagram, which consists of all the UV/UV combinations of three UV lines (C IV, He II, and C III] -3 combinations) and all the optical/optical combinations of four optical lines ([O II], Hβ, He II, and [O III] -6 combinations). Here, we did not use any UV/optical line ratios, which may be affected by the differences of the instruments and the other observation parameters. In this 9-dimensional diagnostic diagram, the model grids as shown in Figure 2 were divided into 10 sub-grids at even intervals. After the most probable sub-grid giving the minimum χ 2 value was found, the nearest sub-grids were divided into 10 sub-sub-grids in order to search the most probable sub-sub-grids again. The best fit model with parameters was determined by iteration of the above calculation, as listed in Table 4 . More than half of the objects can be explained by the photoionization model with flat ionizing-continuum and low metallicity, consistent with the distribution of the data in Figure 2 . On the other hand, four objects are (also) in good agreement with the shock+precursor model, while three objects cannot be explained by a single photoionization or shock+precursor model with a significant confidence level.
DISCUSSION
Correlations between Parameters
Before we discuss the nature of HzRGs, we will review the correlations between the radio parameters (size, power, and spectral index) and observed rest-optical parameters (continuum brightness, spectral index, [O III] luminosity, and FWHM). The significance levels at which the null hypothesis of zero correlation is disproved are listed in Table 5 together with the correlation coefficients. Bold values in Table 5 indicate the probable correlations. In the next subsection we discuss about these correlations individually.
Probable Correlations
Correlation between P opt and α opt
The correlation of the rest-optical continuum slope between [O II]λ3727 and [O III]λ5007 (α opt , see Figure 1 ) with the continuum brightness at the rest 5007Å (P opt ) is shown in the left-side diagram of Figure 3 . Here, P opt roughly represents the mass of the host galaxy, because most of the continuum flux at rest 5007Å is expected to be of stellar origin (e.g. Fosbury (2000) ). With this taken into account, P opt -α opt correlation indicates that the HzRG with a massive host has redder optical color. For reference, the α opt values of the instantaneous starburst model changes from −0.2 (10Myr) via −1.7 (100Myr) to −4.1 (1Gyr) without dust extinction, while the value of the scattered AGN light is expected to be α opt ∼0.
Correlation between D radio and α opt
The correlations of α opt with the radio size (D radio ) is shown in the right-side diagram of Figure 3 . A radio source with a smaller D radio is usually thought to have a younger age of radio activity (Blundell & Rawlings 1999) or/and have dense gas clouds that interrupt the expansion of the radio jet (O'Dea 1998, and references therein). On the basis of the former idea, the older radio source should inhabit the bluer host galaxy, which seems difficult to explain. The latter idea indicates that the redder HzRG not only has a massive host (see §4.2.1) but also tends to be surrounded by dense gas clouds. Although the significance level of the D radio -P opt correlation does not reach the confidence level (see Table 5 ), this inverse correlation does not conflict with this idea. The age of the radio source probably contributes to the scatter in these correlations.
4.3. Nature of HzRGs at 2 < z < 2.6
From the UV-optical diagnostic diagrams and the probable correlations discussed above, the nature of HzRGs located at 2 < z < 2.6 is summarized as follows.
The HzRGs with massive hosts show redder optical color, indicating that the scattered light of the AGN or massive blue stellar population does not make a significant contribution to their rest-optical spectra. These galaxies are also surrounded by dense gas clouds that interrupt the expansion of the radio jet. The radio activities do not have a large effect on these massive hosts, because the ages of the host galaxies expected from their red optical color ( 100Myr) are older than the ages of typical radio activities (∼ 10Myr). On the other hand, the HzRGs with less massive hosts are not surrounded by dense gas clouds, corresponding to the larger radio size. The considerable contribution of the scattered light of the AGN or massive blue stellar population makes their optical color blue. From the results of rest-UV spectropolarimetry reported by Vernet et al. (2001) , the scattered light is dominant contribution to these blue HzRGs with larger radio sizes (while massive red HzRGs such as B3 0731+438 and 4C +40.36 have smaller contribution of the scattered light). The ages of the host galaxies expected from their blue optical color ( 100Myr) are almost comparable to the ages of radio activities, implying that the current radio activities are closely-related to the formation of the host galaxies.
The EELRs of HzRGs are usually photoionized by a flat-continuum AGN like a quasar (α ∼ −0.5), and the metal abundance is expected to be sub-solar (Z ∼ 0.2 Z ⊙ ). In a few objects, shock + precursor is the dominant ionization mechanism of EELR, and three out of 13 objects cannot be explained by a single ionization mechanism. A likely explanation is that the ionization mechanism of the EELR varies regionally, which requires the further investigation into the spatial variation of the emission-line ratios as well as the combination of photoionization and shock + precursor models (De Breuck et al. 2000; Moy & Rocca-Volmerange 2002) to fit the entire EELR spectra.
CONCLUSIONS
The nature of HzRGs located at 2 < z < 2.6 was investigated using their rest-optical spectra obtained by the OHS mounted on the Subaru telescope. We found two probable correlations between radio and rest-optical parameters of the observed HzRGs as well as the characteristics of their ionization condition using UV-optical diagnostic diagrams.
1. P opt -α opt : HzRGs with massive hosts tend to have redder optical continuum, indicating that the contribution of the scattered light of the AGN or massive blue stellar population is quite small to the rest-optical spectra of these massive HzRGs. The contribution of the scattered light becomes larger for less massive objects making their color blue.
2. D radio -α opt : HzRGs with smaller radio sizes also show redder optical continuum. Together with the above correlation, HzRGs with massive hosts are surrounded by dense gas clouds, which interrupts the expansion of radio jets. The radio activities do not have a large effect on these massive hosts, while they are closely-related to the formation of the smaller host galaxies.
3. UV-optical diagnostic diagrams : More than half of the examined HzRGs are photoionized by a flat-continuum AGN like a quasar (α ∼ −0.5), which supports the unification model between HzRGs and quasars. In this case, the metal abundance of EELR is sub-solar (Z ∼ 0.2 Z ⊙ ). The shock + precursor models can explain a few cases, being expected to contribute to other three cases, which cannot be fitted by a single model.
These results were accomplished during test observation runs of OHS using the Subaru telescope. We are therefore indebted to all members of the Subaru Observatory, NAOJ, Japan.
A. Notes on Particular Objects
Although most objects have a compact nucleus surrounded by EELR, some of them show knotlike components or significant velocity structure. In this appendix, we show the two-dimensional spectra of these particular objects (Figures 4 and 5) and discuss their features individually.
A.1. MRC 0156−252
The spectrum consists of a compact red continuum and [O III] emission-lines. Since the position angle of the slit (50 • ) is almost the same as the position angle of the H-band morphology of this galaxy taken by HST/NICMOS (Pentericci et al. 2001) , the origin of the tilt of [O III] emission-lines is not a morphological effect within the slit but a redshifted velocity structure of ∼500 km s −1 . This [O III] jet extends to 1 ′′ SW along the slit from the nucleus. Our result is consistent with the dusty-quasar nature of this object reported by Eales & Rawlings (1996) .
A.2. MRC 0200+015
This galaxy has a [O III] knot separated 2. ′′ 2 SSE from the nucleus, which probably corresponds to the south radio lobe of this object (Carilli et al. 1997) .
A.3. MRC 0214+183
The detailed morphology of this galaxy is unknown. If the inclination of emission-lines are due to the velocity difference, this galaxy has bipolar jets with a velocity of ∼ +400, −600 km s −1 to the north and south directions, respectively.
A.4. MRC 0406−244
The spectrum shows multiple-components of emission-lines with a single continuum. The main body of this galaxy consists of two components in the optical and near-infrared images taken by HST Pentericci et al. 2001) , which correspond to a 1 and a 2 in Figure 5 . Component a 1 is located at the ridge of the continuum emission of the host galaxy. Component a 2 is a redshifted knot with a velocity of ∼500 km s −1 . The other two knots (b and c in Figure 5 ) are parts of the outer EELR of this galaxy.
A.5. B3 0731+438
The knot-like structure of [O III] emission-lines are a part of the ionization cone of this galaxy (Motohara et al. 2000) . The velocity offset of this component is not real but due to the morphological structure within the slit. Most of the line emission comes from the southern ionization cone, where the faint blue continuum is marginally detected, indicating the existence of blue stellar population rather than the scattered AGN light (Vernet et al. 2001) .
A.6. TXS 0828+193
This galaxy has the most complicated spectrum in our sample. (Pentericci et al. 1999; Steinbring, Crampton, & Hutchings 2002) .
A.7. 4C −00.62
The EELR of this galaxy extends along the radio jet to the WSW direction (Pentericci et al. 2000) .
A.8. 4C +40.36
The spectrum shows the most broad [O III] emission-lines in our sample, which is more than 1400 km s −1 after the instrumental contribution is subtracted. The distortion of emission-lines is probably due to the morphological structure of this object (Egami et al. 2001 This 2-column preprint was prepared with the AAS L A T E X macros v5.0. c The rest-frame equivalent width. The signal-to-noise ratios are almost the same as that of the flux.
d No correction has been made for instrumental width of ∼75Å, which corresponds to ∼1400 km s −1 at 1.60 µm and ∼1800 km s −1 at 1.25 µm. Note that the typical seeing size (∼ 0. ′′ 7) is smaller than the slit width (1 ′′ ), causing smaller line width than the instrumental value. a The χ 2 value for the best fit parameters of each model, photoionization (χ 2 ph ) or shock+precursor (χ 2 s+p ), respectively. b The hydrogen density, which is not sensitive to the emission-line ratio, compared with the other parameters (see §3.2.1).
c These parameters correspond to the shock+precursor model.
d Maximum or minimum value of the domain of the parameter.
e Degree of freedom is smaller than the others because He IIλ4686 was out of the observed range for this object.
f The best fit models were rejected for these results. Figure 1 ). MRC 2104−242 is not included in this column because the observed J-band continuum is too faint to determine the reliable color.
c FWHM of [O III] emission-line without correction of the instrumental width.
d Radio power at rest-178MHz, interpolated from the observed-408MHz and 1.4GHz fluxes.
e Radio size (Carilli et al. 1997; Pentericci et al. 1999 Pentericci et al. , 2000 .
Note.-The significance level at which the null hypothesis of zero correlation is disproved. Smaller value indicates a significant correlation (bold values). Values in brackets are the correlation coefficients. MRC 0156−252 is not included in these calculations because this object is expected to be a dusty quasar, showing different characteristics from the other sample (see Appendix A.1.).
